Summary. Few 
Introduction
Rabbit spermatozoa enter the ampulla of the oviduct in significant numbers only during two limited intervals after mating. The first, the rapid-transport phase, begins immediately after coitus with the passive transfer of spermatozoa to the infundibulum and peritoneal cavity and ends within minutes of insemination. Most of these spermatozoa are non-motile and pass into the peritoneal cavity before ovulation . Spermatozoa are then excluded from the upper oviduct until the peri-ovulatory period when the second phase of sperm ascent begins (Harper, 1973a, b; Overstreet, Cooper & Katz, 1978) : the spermatozoa then recovered from the cranial isthmus and ampulla are vigorously motile and many display a pattern of 'activated' motility characterized by alternating cycles of vigorous non-progressive and forward-progressive motility. Only a limited number of those spermatozoa passing to the site of fertilization are retained there, the remainder probably pass into the peritoneal cavity . The present report is on the control of the second phase of sperm ascent to the ampulla and its relationship to sperm capacitation in the rabbit (Bedford, 1970; Austin, 1975 (Adams, 1962 ). The does were tested for behavioural oestrus by placing them with a single ejaculate (Adams, 1962 ). The does were tested for behavioural oestrus by placing them with a vasectomized buck and observing lordosis. The buck was allowed to mount but animal were included with those from two others that were induced to ovulate by mating once with a vasectomized buck (sterile coitus) immediately before AI. Sperm transport in these two groups of animals (AI with ovulation and AI without ovulation) was compared with that occurring after natural mating . Spermatozoa were recovered 12 h after insemination from the entire reproductive tracts of these 8 females. Experiment 2. The distribution of spermatozoa in the tract after delayed mating was determined in 4 does mated once to a fertile buck 8 h after sterile coitus, and in 4 does mated 12 h after sterile coitus. Does mated 8 h after sterile coitus were still in behavioural oestrus, but 2 of the 4 presented to a fertile buck 12 h after sterile coitus refused service and had to be forced mated. Spermatozoa were recovered from the tracts of all 8 does 4 h after the fertile mating, i.e. 12 or 16 h after sterile coitus. Sterile coitus was used instead of gonadotrophin injection to induce ovulation because changes in the levels of ovarian steroids after coitus may control uterine and oviductal contractions (Fuchs, 1974) , and exogenous gonadotrophins appear to alter the patterns of preovulatory steroid secretion (Spilman & Wilks, 1976) .
Sperm recovery, counts and analyses
The methods of recovery and quantitative evaluation of spermatozoa from the cervix, uterus, 4 regions of the oviduct, the ovarian surface and fimbria of the rabbit have been described in detail elsewhere . Sperm recovery and evaluation were carried out at 37°C in a controlled environment room. The total number of spermatozoa present in the cervix and uterus was estimated by counting the number recovered in two successive 1 ml flushes. The medium for the initial flush was 5% (v/v) (pH 7-4) , and the second (detergent) flushing medium was 0-5% (w/v) sodium dodecyl sulphate (SDS: lauryl sulphate: Sigma) in distilled water. Spermatozoa were recovered from the tubai isthmus by flushing 10 µ serum-Tyrode through each segment into a micropipette, followed by 0-5 ml SDS. The spermatozoa in the serum-Tyrode sample were assessed for motility, and sperm numbers in both flushings were combined to estimate the total number present. The ampullar segments were flushed into micropipettes with 10 µ serum-Tyrode followed by 0-25 ml 0-9% (w/v) NaCl and then 0-25 ml SDS. Ova were removed from the first two flushings and were fixed in acetic:ethanol (3:1, v/v) and stained with lacmoid (Chang, 1952) to assess sperm penetration into the vitellus. The motility of spermatozoa in the serum-Tyrode was assessed and the total numbers of spermatozoa present were estimated from the number in all three flushings plus those associated with the ova and cumulus. Spermatozoa were recovered from the fimbrial and ovarian surfaces by washing each with 0-5 ml SDS. Spermatozoa in the serum-Tyrode sample which showed any sign of flagellar activity were scored as motile. Particular note was made of oviductal spermatozoa displaying alternating vigorous non-progressive and forward progressive motility. The membranes of each sperm head were scored as intact or disrupted (Overstreet & Cooper, 1975) .
Because of the small sample sizes, statistical analysis of the data was by non-parametric methods. The Kruskal-Wallis one-way analysis of variance by ranks (Hollander & Wolfe, 1973) was used to assess variations in central tendency, with paired comparisons therein being assessed by the Kruskal-Wallis rank series. A 5% significance level was applied throughout. (Table 2 ). In the caudal isthmus flagellation was sluggish and no more than 6% of the spermatozoa displayed 'activated' motility, while spermatozoa recovered from the cranial isthmus were vigorously motile and as many as 64% exhibited 'activated' movement. The location and motility of oviductal spermatozoa after delayed mating Motile spermatozoa were found only in the isthmus of oviducts examined 4 h after delayed matings: the median number recovered was significantly greater than at 4 h after natural mating and equalled that present in the isthmus 12 h after natural mating (Table 3) . Ova in cumulus were recovered after delayed mating from the caudal ampulla but none was penetrated (Table 3) . The flagellar activity of spermatozoa recovered from the cranial isthmus after delayed matings clearly differed from that seen 12 h after natural mating (Table 4) . Sperm motility in both regions (Table 4) . Immotile spermatozoa with visibly disrupted head membranes were recovered from the cranial ampulla, ovary and fimbria of the left sides of the two does force mated 2 h after ovulation (Table 3) . No spermatozoa were found in these regions in the 8 h delayed mating group or in the 2 does which mated voluntarily 12 h after sterile coitus (Table 3) .
Discussion
The final ascent of rabbit spermatozoa to the ampulla at the time of fertilization appears to depend on ovulation-associated alterations in the physiology of the female tract, and on changes in the pattern of sperm motility. The present results suggest that sperm migration through the cranial regions of the isthmus is restricted during the sustained phase of sperm transport, and that this restriction is relaxed near the time of ovulation. When spermatozoa are 'activated' in the absence of ovulation, most are retained in the cranial isthmus and are unable to ascend to the ampulla. However, if ovulation occurs before spermatozoa become 'activated' they do not reach the ampulla, so vigorous flagellar activity must also be required. Our previous observations on the location of spermatozoa in the tract, before and after ovulation, demonstrate that sperm migration beyond the isthmus normally coincides with ovulation and support earlier interpretations (Harper, 1973a ) that ovulation and the tubai ascent of spermatozoa are co-ordinated events. The failure of spermatozoa to enter the ampulla in the absence of ovulation cannot be attributed to a limitation on the number available for passage, because the median number in the isthmus 12 h after AI is comparable to that after natural mating (Table 1) . Nor does flagellar activity appear to be limiting because the sperm motility in these does was indistinguishable from that in mated females (Table 2) , and in both groups many spermatozoa from the cranial isthmus exhibited 'activated' motility. The mechanism by which sperm ascent is normally synchronized with ovulation may depend on changes in the amplitude and frequency of oviductal contractions (Salomy & Harper, 1971; Talo, 1974) , which are prob¬ ably regulated systemically by changes in ovarian steroid secretion before ovulation (Hilliard, Hayward & Sawyer, 1964; Hilliard, Scaramuzzi, Pang, Penardi & Sawyer, 1974; Waterston & Mills, 1976) . Although the products of ovulation may also stimulate sperm ascent directly (Harper, 1973b) , it is unlikely that they are the only mediator, for we have observed this migration as early as 2 h before the expected time of ovulation in rabbits .
The distribution of spermatozoa in the oviduct after delayed mating shows that neither ovulation-associated changes in tubai contractility nor the products of ovulation can induce sperm ascent to the ampulla when activation has not occurred. Large numbers of spermatozoa reach the caudal oviduct during the periovulatory period when fertile mating is delayed for 8 or 12 h after sterile coitus, but they remain in the isthmus and do not associate with ova (Table 3) . Spermatozoa recovered from the cranial isthmus of ovulating animals 12 h after natural mating were vigorously motile, whereas after delayed mating they were weakly motile with poor pro¬ gression ( Table 4) . Failure of spermatozoa to ascend to the ampulla within 4 h after delayed mating, therefore, may reflect their depressed flagellar activity in the isthmus. This appears to be a time-dependent phenomenon unrelated to the hormonal state of the female, because the motility of spermatozoa from the caudal and cranial isthmus is similarly depressed at 4 h after natural or delayed mating. Sperm retention and ascent in the rabbit oviduct may be effected by reversible suppression and reactivation of motility in the isthmic reservoir, or by an irreversible immobilization of isthmic spermatozoa, coupled with a supervening passage of spermatozoa from the uterus to the cranial oviduct near the time of ovulation (see Overstreet & Katz, 1977, for further discussion of these possibilities).
Evidence obtained in a variety of mammals suggests that sperm transport to the oviduct is accelerated when insemination takes place soon after ovulation (rat: hamster: Yanagimachi & Chang, 1963; guinea-pig: Yanagimachi & Mahi, 1976; sheep: Dauzier & Wintenberger, 1952; du Mesnil du Buisson & Dauzier, 1955) . The distribution of rabbit spermatozoa in the female tract when transport took place after ovulation (Table 3) agrees with the findings of Turnbull (1966) that the ratio of oviductal to uterine spermatozoa is increased after delayed matings. However, our finding that no spermatozoa reach the site of fertilization within 4 h of delayed mating conflicts with previous reports of rabbit sperm recovery from the ampulla within 4 h after natural and delayed matings (Braden, 1953; Turnbull, 1966) . The spermatozoa recovered from the ampulla during the first few hours after mating are derived exclusively from the non-viable residuum of the rapid-transit phase of transport, and are located near the infundibulum rather than the site of fertilization . In the present experiments immotile spermatozoa with disrupted head membranes were recovered from the cranial ampulla of two does mated 2 h after ovulation. The non-viability of these spermatozoa, their absence from the caudal ampulla and their unilateral location in the left oviduct and on the fimbria and ovary of this side are all characteristic of the rapid-transit phase of sperm transport in the rabbit . Previous reports of sperm recovery from the ampulla within 4 h of insemination may reflect the recovery of these non-viable spermatozoa, the redistribution of tubai contents by post-mortem contractions of the tract, or flushing procedures resulting in contamination of the ampullar contents. The methods employed in the present study permit the localization of spermatozoa and ova in discrete regions of the oviduct and avoid such artefacts.
Observations of infertility (Hammond, 1934; Adams & Chang, 1962) and decreased fertilization rates after delayed mating Turnbull, 1966) have shown 4-5 h to be the minimal time required in vivo for capacitation of rabbit spermatozoa. A similar interval also appears to be required for the appearance of actively motile spermatozoa in the ampulla of this species. Since motile rabbit spermatozoa with missing or altered acrosomes are detected in the oviduct at 6 h after insemination (unpublished), we believe it likely that the membrane changes of capacitation which precede the acrosome reaction must also produce motility changes required for sperm ascent to the site of fertilization.
